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The shrub Hakea sericea, introduced from Australia in about 1858, has spread from limited plantings to 
occupy 4800 km2 or 14% of the area of mountain fynbos in the Cape Province of South Africa. Its range 
extends across about 1000 km and a range of climatic regimes (winter, all-year and summer rainfall). Eleven 
populations, representative of the range of invaded habitats, were sampled to determine, by means of starch 
gel electrophoresis, the genetic structure of H. sericea in South Africa. 
Total genetic diversity (HT = 0.1157) is low compared with the average for plants (HT = 0.310), but is 
similar to that of other closed-cone (serotinous) species. Genetic diversity among populations ((~n = 0.242) is 
close to the average for plants (GST = 0.224) . Much of the inter-population diversity is attributable to 
differences between populations in the western Cape and those in the southern and eastern Cape. Cluster 
analyses of genetic and geographic differences are perfectly congruent, which suggests that genetic 
adaptation has occurred in the process of colonization. The possibility that populations in the two regions may 
have originated from different source populations in Australia cannot be discounted. The excess of 
heterozygotes in all populations implies an outbreeding mode of reproduction, suggesting very substantial 
heterozygote advantage. 
Die struik Hakea sericea wat in ongeveer 1858 vanaf Australia ingebring is, het versprei van beperkte 
aanplantings na 'n gebied van 4800 km2 of 14% van die oppervlakte van bergfynbos in die Kaapprovinsie, 
Suid-Afrika. Die verspreiding strek oor omtrent 1000 km en 'n verskeidenheid van klimaattoestande (winter-, 
heeljaar- en somerreanval). Monsters van elf populasies, verteenwoordigend van die verspreiding van 
ingedringde habitat, is geneem om deur middel van styselelektroforese die genetiese struktuur te bepaal. 
Aigehele genetiese diversiteit (Hr = 0.1157) is laag in vergelyking met die gemiddelde vir plantsoorte (Hr = 
0.310), maar is soortgelyk aan die van ander geslotekeal- (Iaatbloeidende) spesies. Genetiese diversiteit 
onder populasies (GsT = 0.242) is na aan die gemiddelde vir plantsoorte (GST = 0.224) . Baie van die 
interpopulasie-variasie kan toegeskryf word aan verskille tussen die populasies in die Wes-Kaap en die in die 
Suid- en Oos-Kaap. Groepanalise van genetiese en geografiese verskille stem ooreen, wat aandui dat 
genetiese aanpassings tydens indringing plaasgevind het. Die moontlikheid dat die populasies in die twee 
gebiede van verskillende ouerpopulasies in Australia afstam, kan nie buite rekening gelaat word nie. Die 
oormaat van heterosigote in aile populasies impliseer 'n uitteelwyse van voortplanting, wat op 'n aansienlike 
heterosigoot-voordeel dui. 
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Introduction 
The shrub Hakea sericea Shrad. (Proteaceae) (fonnerly 
known as H. acicularis or H. tenuifolia) was introduced to 
the Cape from south-eastern Australia in about 1858 
(Shaughnessy 1980). It was planted on a limited scale as a 
hedge plant and for sand-binding and firewood especially 
near Cape Town but also at other centres. One of the first 
records of the spread of this species is from the Bathurst 
district in the eastern Cape where local fanners discussed 
the potential effects of its spread as early as 1863 (Phillips 
1938). The subsequent range expansion is poorly document-
ed but 120 years after its introduction to the Cape, H. 
sericea covers almost 4800 km2 or 14% of the area of 
mountain fynbos (Kluge & Richardson 1983; Macdonald 
1984). Judging by its current distribution, the foci of 
planting were near Cape Town, Stellenbosch, Franschhoek 
and George. The species spread rapidly eastwards from 
Cape Town and Franschhoek and in all directions from 
George (Richardson et al. 1991). Its present distribution is 
positively associated with the occurrence of nutrient-poor 
soils derived from quartzite and sandstone, and its spread 
eastwards from Cape Town and northwards from George 
has been restricted to some extent by barriers of unsuitable 
nutrient-rich substrata (Fugler 1979; Richardson 1984). Self-
sown stands of H. sericea now occur in 30% of the quarter-
degree squares that constitute the fynbos biome, and dense 
stands are found in 19% of squares (Richardson et al. 1991). 
Hakea sericea and other invasive trees and shrubs, notably 
several species of Acacia and Pinus, pose major problems 
for the management of mountain catchment and conserva-
tion areas (Richardson 1989). Dense stands of these species 
transform natural fynbos shrublands into forests, thus 
modifying many ecosystem processes and reducing the 
diversity of indigenous species (Richardson et al. 1989). 
Management of these invasions requires an understanding of 
the processes involved in the proliferation and spread of the 
different taxa (Richardson & Cowling, in press). 
The ecology of H. sericea invasions has been weII studied 
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in South Africa. Regeneration of H. sericea in South Africa 
is exclusively from seed (in Australia, some populations 
sprout from rootstocks). The winged seeds are held in 
woody follicles until the parent trees die. Fire kills the 
parent trees, stimulating the simultaneous release of the 
large accumulated seed store. Most seeds fall close to the 
parent, resulting in the establishment of dense daughter 
stands, but satellite foci are initiated by seeds dispersed by 
wind. Isolated shrubs are sometimes found several kilo-
metres from the nearest dense stands. These satellite foci 
grow and coalesce to form dense even-aged stands (Richard-
son et al. 1991). Seeds germinate rapidly foHowing release 
and viable seeds are produced after two years. The fires that 
regulate population growth of H. sericea occur at intervals 
of about 10 - 15 years on average. Because recruitment 
occurs virtually only after fire, the South African popula-
tions have probably gone through between 9 and 13 genera-
tions. The pollination ecology of H. sericea has not been 
studied in South Africa or Australia. In South Africa, 
flowers are visited by bees and flies which are probably the 
major poHinators. 
The success of this species as an invader at the Cape has 
been variously attributed to its ability to produce large 
numbers of seeds in the absence of natural enemies (Neser 
1968, 1984; Kluge 1983; Neser and Kluge 1985), the high 
degree of protection afforded to the seeds by the woody 
follicles (Fugler 1983; Richardson et al. 1987), high seed 
longevity in the canopy (Neser 1968; Richardson et al. 
1987), high germinability and rapid germination (Richard-
son & van Wilgen 1984), efficient dispersal of the winged 
seeds by wind (Hall 1979) and the high nutrient content of 
the seeds (Mitchell & Allsopp 1984). The invasion windows 
for this species (the conditions suitable for establishment, 
growth and proliferation) in mountain fynbos have been 
described by Richardson and Cowling (in press). 
The rapid growth of H. sericea populations at the Cape 
provides an exciting opportunity to investigate the genetics 
of a woody plant with attributes corresponding with Baker's 
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(1965, 1972, 1974, 1986) definition of a 'major weed' . Be-
sides being a weed in the Cape, H. sericea has also spread 
from plantings in New Zealand (Sykes 1982; Enright 1989) 
and Portugal (Ball 1964, in Barker 1985) and within its 
natural range in Australia (Barker 1985 p.245). 'Major 
weeds' have preadaptations that enable individual plants to 
thrive in a variety of habitats; their populations contain 
plants with 'general purpose genotypes' that can build 
populations immediately. Another feature of 'major weeds' 
is that if they stay long enough in a particular habitat, they 
may be selected for closer adaptation which would increase 
their chance of surviving in the habitat. Thus, they show 
ecotype formation (Baker 1986 p.51). Hakea sericea is 
highly variable in its native habitat and includes several 
fairly distinct ecotypes (D.M. Richardson, pers. obs.). This 
suggests to us that the species may be inherently predis-
posed to rapid genetic adjustment. 
The current range of H. sericea in the Cape extends from 
the mediterranean-type climate region of the south-western 
Cape (20 - 30% of annual rain during summer) through the 
southern Cape with all-year rainfall (40 - 50% of annual 
rainfall during summer) to the eastern Cape which experi-
ences summer rainfall (Figure 1). This raises the question of 
whether the invasion of new habitats by H. sericea has 
required genetic differentiation to achieve fitness. Alterna-
tively, the different regions in the Cape may have been 
colonized by different genotypes, or the species may be 
sufficiently 'plastic' to withstand the rigours of different 
selective forces without undergoing genetic change. 
We studied genetic variation and population genetics of 
H. sericea in South Africa and addressed the following 
questions: 
(i) What levels of genetic variation are found in South 
African H. sericea populations, and how does this com-
pare with other successful invaders? 
(ii) What is the effect of the invasion process on the amount 
of genetic variation in South African II. sericea popula-
tions? 
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Figure 1 The distribution of lIakea sericea in South Africa (from Richardson et at. 1991), showing the localities of the 11 popUlations 
sampled for genetic structure. The isolines (20 - 60) indicate the percentage of annual rainfall falling in the summer (October to. March; 
after Goldblatt 1978). The dashed line encloses the fynbos biome. 
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(iii) Is there evidence of local genetic differentiation follow-
ing invasion? 
Materials and Methods 
Eleven populations representing the entire known geograph-
ic range of Hakea sericea in South Africa were selected 
(Table 1; Figure 1). Secd was collected from each popula-
tion (one follicle per shrub from 100 individuals within 
1 ha) and germinated in the laboratory. 
The seedlings were allowed to grow up to two pairs of 
post-cotyledon leaves. Crude enzyme extracts were made 
from at least 20 individuals from each population. The 
enzymes were extracted using the entire above-ground 
seedling in 1 ml extracting buffer (O.2M Tris-HCI buffer pH 
7.5; lOmM KCI; lOmM MgCIz; l.lmM EDTA; 4 - 8% 
PVP), and stored frozen overnight. 
The enzymes were separated on 12% (w/v) Sigma starch 
gels at a constant current of 50 mAo Two buffer systems 
were used (Table 2): morpholine citrate at pH 6.1 (Clayton 
& Tretiak 1972) and tris-versene-borate at pH 8.0 (Selander 
et al. 1971). 
Histochemical staining for specific enzymes was carried 
Table 1 Localities of the 11 populations of Hakea 
sericea selected for study 
No. Collection site Grid reference Altitude (m) 
HAKOI Grahamstown 33°20'S; 26°36'E 910 
HAK02 Van Stadens 33°52'S; 25°12'E 400 
(Longmore State Forest) 
HAK03 Bloukrans 33°56'S; 23°32'E 260 
IIAK04 Bosplaas (Saasveld) 33°57'S; 22°36'E 245 
HAK05 Camfer, N. Outeniquas 33°50'15"S; 22°25'55"E 850 
HAK06 Karatara 33°50'00"S; 22°54'50"E 520 
lIAK07 Rooiberg 33°40' 15"S; 21°30'1O"E 610 
IIAK08 Caledon 34° 13 '20"S; 19°26'20"E 330 
IIAK09 Stellenbosch (J'hoek) 33°57'S; 18°54'E 400 
HAK10 Steenboksberg 33°30' 40"S; W07'30"E 700 
HAKll Constantianek 34°14'S; 18°28'E 200 
Table 2 Enzymes used in the study of the population 
genetics of Hakea sericea in South Africa 
Putative Buffer 
Enzyme Symbol E.C. No. No.loci system' 
Acid phosphatase ACP 3.1.3.2 3 
Alcohol dehydrogenase ADII 1.1.1.1 1 2 
Esterase (colorimetric) EST 3.1.1.1 2 2 
Esterase (fluorescent) F-EST 3.1.1.1 2 1 
Glutamate dehydrogenase GDII 1.4.1.3 2 
Isocitrate dehydrogenase lOll 1.1.1.42 
Leucine-amino peptidase LAP 3.4.11.1 1 2 
Malate dehydrogenase MDII 1.1.1.37 3 1 
Malic enzyme ME 1.1.1.40 2 2 
Menadione reductase MR 5.3.1.8 1 
Phosphoglucose isomerase GPI 5.3.1.9 2 2 
Phosphoglucosemutase PGM 2.7.5.1 2 1 
Shikimate dehydrogenase SDn 1.1.1.25 1 
Superoxide dismutase SOD 1.15.1.1 2 
Triosephosphate isomerase TPI 5.3.1.1 2 2 
, Buffer system 1: morpholine citrate, pH 6.1; buffer system 2: Tris-
EDT A-borate, pH 8.0. 
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out using the methods of Soltis et at. (1983) and Cheliak 
and Pitel (1984) 
Twenty-six loci, presumably coding for fifteen enzymes, 
were scored for each population (Table 2). The genotype 
frequencies were recorded and allele frequencies calculated. 
Two statistical procedures were used to analyse the data. 
First, genotypic frequencies were analysed using BIOSYs-1 
(Swofford & Selander 1989) to calculate genetic similarity 
coefficients. Selected coefficients were used to produce 
distance phenograms of the populations. The observed and 
expected heterozygosities, and the deviations from Hardy-
Weinberg equilibrium, were also calculated. Secondly, allele 
frequencies were calculated from the genotypic frequencies 
and these were used to calculate the gene diversity statistics 
of Nei (1978) using the GENESTAT program (Whitkus 1988). 
A matrix of geographic distances between populations 
was constructed and a distance phenogram produced using 
the un weighted pair group method (UPGMA) of NTSYS-pc 
(Rohlf, 1988). 
Results 
Allele frequencies for twenty-five loci, presumably coding 
for fifteen enzymes, were calculated (Table 3). Of these, 14 
loci were monomorphic. In all populations examined all of 
the alleles were present, with two exceptions (Table 3): 
(i) in HAKIO (Steenboksberg), a fast allele ofPGI-l, with a 
frequency of 0.067, was observed. In all other populations 
only the slow allele band of this locus was observed; (ii) in 
HAK03 (Bloukrans), two allelic bands were resolved for 
both SDH loci. In all of the other populations these loci 
were monomorphic. 
The mean number of alleles per locus is 1.2 and is con-
stant in all populations examined (Table 4). The percentage 
polymorphic loci, using the criterion that a locus is 
considered polymorphic if the frequency of the most 
common allele does not exceed 0.95, ranges from 16 to 28% 
(Table 4). No particular pattern of polymorphism was noted 
and no associations with geographic distribution of the 
populations. 
The mean observed heterozygosity (Ho) for all popula-
tions is 0.176 ::!:: 0.017, and individual populations range 
from 0.159 (HAK09) to 0.205 (HAK03). The expected 
heterozygosity (He) is the heterozygosity expected under 
random mating, and is calculated using a polynomial 
expansion of the allele frequencies at each locus. The mean 
expected heterozygosity for all populations is 0.104 ::!:: 
0.015, and ranges from 0.087 (HAK09) to 0.144 (HAK03). 
Of the polymorphic loci observed, 25% showed significant 
deviations (i.e. p > 0.05) from the heterozygote frequencies 
expected under Hardy-Weinberg equilibrium. 
Deviations from Hardy-Weinberg equilibrium (D) can be 
expressed as the difference between the proportions of 
observed (Ho) and expected (He) to the proportion of 
expected heterozygotes. A negative value of D indicates a 
deficit of hetcrozygotes and a positive value an excess of 
hetcrozygotes. In all our cases there was an excess of 
heterozygotes, i.e. the value of D is positive (Table 5). 
The most commonly used coefficient of genetic distance 
in studies of plant populations is Nei's unbiased genetic 
distance (Nei 1978) (Table 6). The genetic distances 
between populations are small, ranging from 0.0 (no genetic 
difference) to 0.07. Similarly, the genetic identities are 
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Table 3 Allele frequencies for Hakea sericea populations in South Africa. Details of the collection 
sites are given in Table 1 
ACP-la 
ACP-2a 
ACP-2b 
ACV-3a 
ADH-1 
ADH-lb 
EST-la 
EST-lb 
EST-2a 
EST-2b 
FST-la 
FST-2a 
GDH-la 
IDH-la 
IDH-lb 
LAP-l a 
MDH-la 
MDH-2a 
MDH-3a 
ME-la 
ME-lb 
MR-la 
GPI-la 
GPI-lb 
GPI-2a 
GPI-2b 
PGM-la 
PGM-2a 
PGM-2b 
SDH-la 
SDH-lb 
SDH-2a 
SDB-2b 
SOD-la 
TPI-la 
TPI-2a 
HAKOI HAK02 HAK03 HAK04 HAK05 HAK06 HAK07 HAK08 HAK09 HAKlO HAK11 
1.000 
0.500 
0.500 
1.000 
1.000 
0.000 
0.000 
1.000 
0.875 
0.125 
1.000 
1.000 
1.000 
0.500 
0.500 
1.000 
1.000 
1.000 
1.000 
1.000 
0.000 
1.000 
1.000 
0.000 
0.650 
0.350 
1.000 
0.500 
0.500 
1.000 
0.000 
1.000 
0.000 
1.000 
1.000 
1.000 
1.000 
0.500 
0.500 
1.000 
1.000 
0.000 
0.000 
1.000 
0.867 
0.133 
1.000 
1.000 
1.000 
0.500 
0.500 
1.000 
1.000 
1.000 
1.000 
1.000 
0.000 
1.000 
1.000 
0.000 
0.667 
0.333 
1.000 
0.500 
0.500 
1.000 
0.000 
1.000 
0.000 
1.000 
1.000 
1.000 
1.000 
0.500 
0.500 
1.000 
1.000 
0.000 
0.000 
1.000 
0.833 
0.167 
1.000 
1.000 
1.000 
0.500 
0.500 
1.000 
1.000 
1.000 
1.000 
1.000 
0.000 
1.000 
1.000 
0.000 
0.500 
0.500 
1.000 
0.500 
0.500 
0.667 
0.333 
0.733 
0.267 
1.000 
1.000 
1.000 
1.000 
0.500 
0.500 
1.000 
1.000 
0.000 
0.000 
1.000 
0.867 
0.133 
1.000 
1.000 
1.000 
0.500 
0.500 
1.000 
1.000 
1.000 
1.000 
1.000 
0.000 
1.000 
1.000 
0.000 
0.600 
0.400 
1.000 
0.500 
0.500 
1.000 
0.000 
1.000 
0.000 
1.000 
1.000 
1.000 
1.000 
0.500 
0.500 
1.000 
1.000 
0.000 
0.067 
0.933 
1.000 
0.000 
1.000 
1.000 
1.000 
0.500 
0.500 
1.000 
1.000 
1.000 
1.000 
1.000 
0.000 
1.000 
1.000 
0.000 
0.567 
0.433 
1.000 
0.500 
0.500 
1.000 
0.000 
1.000 
0.000 
1.000 
1.000 
1.000 
1.000 
0.500 
0.500 
1.000 
1.000 
0.000 
0.000 
1.000 
1.000 
0.000 
1.000 
1.000 
1.000 
0.500 
0.500 
1.000 
1.000 
1.000 
1.000 
1.000 
0.000 
1.000 
1.000 
0.000 
0.417 
0.583 
1.000 
0.500 
0.500 
1.000 
0.000 
1.000 
0.000 
1.000 
1.000 
1.000 
1.000 
0.500 
0.500 
1.000 
1.000 
0.000 
0.000 
1.000 
1.000 
0.000 
1.000 
1.000 
1.000 
0.500 
0.500 
1.000 
1.000 
1.000 
1.000 
1.000 
0.000 
1.000 
1.000 
0.000 
0.567 
0.433 
1.000 
0.500 
0.500 
1.000 
0.000 
1.000 
0.000 
1.000 
1.000 
1.000 
1.000 
0.500 
0.500 
1.000 
0.167 
0.833 
0.000 
1.000 
1.000 
0.000 
1.000 
1.000 
1.000 
1.000 
0.000 
1.000 
1.000 
1.000 
1.000 
0.633 
0.367 
1.000 
1.000 
0.000 
0.933 
0.067 
1.000 
0.500 
0.500 
1.000 
0.000 
1.000 
0.000 
1.000 
1.000 
1.000 
1.000 
0.500 
0.500 
1.000 
0.100 
0.900 
0.000 
1.000 
1.000 
0.000 
1.000 
1.000 
1.000 
1.000 
0.000 
1.000 
1.000 
1.000 
1.000 
0.533 
0.467 
1.000 
1.000 
0.000 
1.000 
0.000 
1.000 
0.500 
0.500 
1.000 
0.000 
1.000 
0.000 
1.000 
1.000 
1.000 
1.000 
0.500 
0.500 
1.000 
0.100 
0.900 
0.267 
0.733 
1.000 
0.000 
1.000 
1.000 
1.000 
1.000 
0.000 
1.000 
1.000 
1.000 
1.000 
0.567 
0.433 
1.000 
0.933 
0.067 
0.933 
0.067 
1.000 
0.500 
0.500 
1.000 
0.000 
1.000 
0.000 
1.000 
1.000 
1.000 
1.000 
0.500 
0.500 
1.000 
0.042 
0.958 
0.000 
1.000 
1.000 
0.000 
1.000 
1.000 
1.000 
1.000 
0.000 
1.000 
1.000 
1.000 
1.000 
0.583 
0.417 
1.000 
1.000 
0.000 
0.917 
0.083 
1.000 
0.500 
0.500 
1.000 
0.000 
1.000 
0.000 
1.000 
1.000 
1.000 
Table 4 Genetic identities (top) and genetic distances (bottom) of Hakea sericea populations in 
South Africa. Details of sampling sites are given in Table 1 
HAKOI 
HAK02 
HAK03 
HAK04 
HAK05 
HAK06 
HAK07 
BAK08 
HAK09 
HAKI0 
HAKll 
HAKOI HAK02 HAK03 HAK04 HAK05 HAK06 HAK07 HAK08 HAK09 HAK10 HAK11 
1.0000 0.9954 1.0000 1.0000 
0.0000 0.9957 1.0000 1.0000 
0.0046 0.0043 0.9965 0.9954 
0.0000 0.0000 0.0035 1.0000 
0.0000 0.0000 0.0047 0.0000 
0.0000 0.0000 0.0046 0.0000 0.0000 
1.0000 
1.0000 
0.9954 
1.0000 
1.0000 
1.0000 
1.0000 
0.9955 
1.0000 
1.0000 
1.0000 
0.9531 
0.9538 
0.9404 
0.9521 
0.9517 
0.9463 
0.9428 
0.9437 
0.9293 
0.9416 
0.9411 
0.9348 
0.9423 
0.9431 
0.9292 
0.9414 
0.9426 
0.9356 
0.9423 
0.9431 
0.9298 
0.9414 
0.9411 
0.9359 
0.0000 0.0000 0.0045 0.0000 0.0000 0.0000 0.9519 0.9413 0.9413 0.9413 
0.0481 0.0473 0.0614 0.0491 0.0495 0.0552 0.0492 1.0000 1.0000 1.0000 
0.0588 
0.0594 
0.0594 
0.0579 
0.0585 
0.0586 
0.0734 
0.0735 
0.0728 
0.0601 
0.0604 
0.0604 
0.0608 
0.0592 
0.0607 
0.0674 
0.0666 
0.0662 
0.0605 
0.0605 
0.0605 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
1.0000 
0.0000 
1.0000 
1.0000 
large, ranging from 0.95 to 1.00 (identity) (Table 6). ing to (i) a western Cape group, and (ii) a southern and 
eastern Cape group. The UPGMA phenogram of geographic 
distance (Figure 3) shows the same trend. 
The UPGMA phenogram of genetic distance (Figure 2) 
shows the populations clustered into two groups correspond-
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Table 5 Genetic variability at 25 loci in all populations (standard errors in parentheses). Details of sampling sites are 
given in Table 1 
Mean heterozygosity 
Mean sample size Mean number of Percentage of Direct HdyWbg Heterozygote excessb 
Population per locus alleles per locus loci polymorphic' count expected [D = (H. - H.)/H.l 
1. Grahamstown 20.0 (0.0) 1.2 (0.1) 20.0 0.190 (0.075) 0.105 (0.040) 0.810 
2. Van Stadens 15.0 (0.0) 1.2 (0.1) 20.0 0.190 (0.074) 0.106 (0.040) 0.792 
3. Bloukrans 15.0 (0.0) 1.3 (0.1) 28.0 0.205 (0.079) 0.144 (0.044) 0.424 
4. Bosplaas 15.0 (0.0) 1.2 (0.1) 20.0 0.195 (0.076) 0.108 (0.041) 0.805 
5. Camfer 15.0 (0.0) '1.2 (0.1) 20.0 0.177 (0.074) 0.104 (0.040) 0.702 
6. Karatara 15.1 (0.1) 1.2 (0.1) 16.0 0.160 (0.072) 0.099 (0.041) 0.616 
7. Rooibcrg 15.0 (0.0) 1.2 (0.1) 16.0 0.177 (0.074) 0.099 (0.041) 0.788 
8. Stcllenbosch 15.0 (0.0) 1.2 (0.1) 20.0 0.162 (0.068) 0.094 (0.037) 0.723 
9. Caledon 15.0 (0.0) 1.2 (0.1) 16.0 0.159 (0.071) 0.087 (0.037) 0.827 
10. Steenboksberg 15.0 (0.0) 1.3 (0.1) 28.0 0.162 (0.069) 0.112 (0.039) 0.446 
11. Constantianek 12.0 (0.0) 1.2 (0.1) 16.0 0.157 (0.069) 0.089 (0.037) 0.764 
Mean for all populations 15.2 (1.8) 1.2 (0.1) 20.0 (4.23) 0.176 (0.017) 0.104 (0.015) 0.700 (0.14) 
• A locus was considered polymorphic if the frequency of the most common allele did not exceed 0.95. 
b If. is the observed heterozygosity, and II. the expected heterozygosity under panmixia 
Table 6 Geographic distances (km) between sampled populations of Hakea sericea. 
Details of sampling sites are given in Table 1. 
HAKOI IIAK02 HAK03 HAK04 BAK05 
HAKOI 0 
HAK02 139 0 
HAK03 290 161 0 
lIAK04 376 248 87 0 
BAK05 384 253 96 10 0 
HAK06 349 319 60 29 38 
BAK07 473 350 190 105 96 
HAK08 665 538 376 290 282 
HAK09 714 587 427 340 331 
IJAKlO 692 570 408 322 314 
HAKll 759 631 471 385 377 
The mean total diversity (HT ) is low (0.1157), and is only 
slightly higher than the diversity within populations (Hs) 
which is 0.0877. The degree of differentiation within 
populations (GST ) is 0.2417, which means the differences 
between popUlations is 24.1 % of the total diversity. The 
diversity between populations (DST ) is 0.0280. 
Discussion 
The total genetic diversity in the South African populations 
of Hakea sericea (HT = 0.1157) is low compared with that 
of other tree species. The average total diversity for 406 
plant populations is 0.310 (Hamrick & Godt 1989), and the 
average for 10 Australian trees is 0.228 (Moran & Hopper 
1983). In Olea europaea subsp. africana populations, a 
widespread tree in Africa, the average total diversity was 
0.2571 (Dyer 1991). In the natural populations of Pinus 
radiale, also invasive in the fynbos (Richardson & Brown 
1986), the average total genetic diversity was found to be 
0.117 (Moran et al. 1988), which is not significantly lower 
than the value reported for other closed-cone species (Ham-
rick et al. 1981). 
The percentage of polymorphic loci in H. sericea popula-
tions (20%) is low when compared to other woody species. 
Hamrick and Godt (1989) reported a mean of 50% for long-
HAK06 HAK07 HAK08 HAK09 HAKlO HAKll 
0 
134 0 
317 200 0 
368 243 62 0 
351 218 91 57 0 
413 290 98 50 100 0 
lived woody species and a mean of 50.5% for all the plant 
taxa examined. A possible explanation for this reduction is 
that it is due to the number of loci examined. The mean for 
all plant taxa is 16.5, and for long-lived woody plants 17.0. 
For Hakea sericea, 25 loci were examined, many of which 
were monomorphic. In other studies it was shown that as the 
number of loci increases, the incidence of monomorphic loci 
also increases (Gottlieb 1981). This has the effect of 
reducing the values of the gene diversity statistics of Nei 
(1978) and may account for the lower values recorded in 
Hakea sericea populations when compared to other plant 
species. 
The lower total diversity found in the South African 
populations of H. sericea may also be due to the large 
number of loci sampled. However, it has been reported that 
there is a decline in the percentage of polymorphic loci in 
colonizing species populations when compared to native 
populations of the same species (Jain 1983). In addition, 
Barrett and Richardson (1986) found that high levels of 
genetic diversity are not a prerequisite for a successful 
invading species. A comparison of the genetic diversity of 
the South African populations with that of the native 
populations in Australia is in progress (Dyer & Richardson, 
in prep.). 
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Figure 2 UPGMA phenogram of Nei's unbiased genetic distance 
between populations of Hakea sericea. 
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Figure 3 UPGMA phenogram of geographic distance between 
populations of lIakea sericea. 
The populations of II. sericea show high levels of genetic 
diversity among populations (GST = 0.2417). This is 
comparable with the mean of 0.224 for a large number of 
plant populations (Hamrick & Godt 1989). Compared to the 
values for P. radiate (GST = 0.162) (Moran et al. 1988), the 
S.-Afr.Tydskr.Plantk., 1992,58(2) 
diversity among populations in H. sericea is markedly 
higher. In widespread wind-pollinated outcrossing plant 
species the diversity among populations is low (GST = 
0.068) (Loveless & Hamrick 1984). 
From the cluster analyses of genetic distance between the 
populations of II. sericea it is evident that a high proportion 
of this inter-population diversity is due to differences 
between the western Cape populations and the eastern and 
southern Cape populations rather than to differences 
between populations of each geographic region. Indeed, the 
populations clustered into groups corresponding to these 
geographic regions show close association within the two 
clusters formed. 
The perfect congruence between the cluster analyses of 
genetic and geographic distance is unusual for an introduced 
species, although the correlation between the genetic and 
geographic distance matrices is not significantly high (r = 
0.65). This may suggest that some genetic adaptation has 
occurred during the process of colonization, and that gene 
flow between the western and southern and eastern Cape 
populations has been interrupted to the extent that the two 
groups are genetically isolated. The genetic distances 
between the two groups is 0.064, which is within the limits 
described by Thorpe (1982) for conspecific populations. We 
cannot discount the possibility that the introduction of H. 
sericea in South Africa may have been from different source 
populations, and the genetic differences reflected in the 
cluster analyses may be due to differences between the 
source populations. However, we note that in contrast to the 
considerable variation in morphological features of a11o-
patric populations of II. sericea in south-eastern Australia 
(Neser 1968), the species is remarkably homogeneous in its 
South African range (Neser 1968; Kluge 1983). Only two 
forms have been recognized in South Africa - one that 
occurs in the vicinity of Grahamstown, and the other on all 
the coastal mountains between Port Elizabeth and Cape 
Town (Kluge 1983). Specimens of II. sericea in Australian 
herbaria from throughout its range in South Africa are very 
uniform relative to specimens from New South Wales (W.R. 
Barker, pers. commun.). Further evidence in support of a 
narrow provenance of South African populations of H. seri-
cea in South Africa comes from the literature on biological 
control. One strain of the hakea fruit weevil, Erytenna 
consputa, from Nerriga in New South Wales colonized 
plants throughout the range of H. sericea in South Africa. 
Other strains were far less successful (Kluge 1983). It will 
be interesting to extend the analyses to include the most 
likely Australian parent populations to determine the genetic 
origin of the present II. sericea populations in South Africa. 
This work is in progress (Richardson & Dyer, in prep.). 
The implications of genetic diversity on the invasive 
properties of plants have not received much attention in the 
literature. Ledig (1986) suggested that the level of genetic 
diversity is more likely a reflection of historical events, life 
history parameters and the mating system than an adaptive 
mechanism. In II. sericea an excess of heterozygotes, 
relative to Hardy-Weinberg equilibrium, was observed in all 
populations examined. This suggests an outbreeding mode 
of reproduction and substantial heterozygote advantage. 
There is increasing evidence that more highly heterozygous 
individuals are favoured in plant populations (Hamrick 
1989). 
S.AfrJ.Bol.,1992,58(2) 
Three main conclusions can be drawn from this study: 
(i) The genetic diversity in the South African populations of 
Hakea sericea is low when compared with other tree 
species. Most of the diversity is within populations rather 
than between populations. (ii) There is evidence of local 
genetic differentiation along geographic regions, but this 
needs to be confirmed through a study including populations 
from the native populations in Australia. (iii) The popula-
tions in South Africa are probably in the mid- to late 
successional stages as implied by the outbreeding mode of 
reproduction. These populations also show very substantial 
heterozygote excess. The mode of reproduction in the native 
populations needs to be established. 
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